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which have been invoked, also to varying degrees, to explain ethnic disparities in disease 77 prevalence and outcomes(e.g., (1)).
78
There is a solid body of literature showing the importance of conventional (non-psychosocial) 79 risk factors for T2D. However, in spite of interventions based on these conventional risk 80 factors, the incidence of diabetes continues to rise. We propose that chronic activation of the explain differences in CVD rates between countries (e.g., (4, 5) ). And, it should be recognised 91 that while CVD and T2D share many common risk factors, only for CVD is there much 92 research on the role that stress-related exposure plays in the development of the disease. For 93 example, the mechanisms by which living in more difficult circumstances (for which low 94 SES is an indicator) might impact health are debated, but the most prominent theories 95 propose mechanisms such as cumulative exposure to stressors (allostatic load) (6), perceived 96 lack of control (7), and stress-related consequences arising from unfavourable social 97 comparisons (8). Much of the research describes the mechanism as 'stress' related, but the 98 terminology is inconsistent (9). 5 ARPU36-Kelly aut _final.docx This paper will review the evidence concerning psychosocial factors and the development of 100 T2D, outlines possible mechanisms and make recommendations for future research and 101 policy directions. It begins with a clarification regarding the terminology of stress as this will 102 play an important role throughout.
103

Stress terminology
104
Stress is widely regarded (10) as an important cause of ill-health and it is frequently cited as 105 an important contributor to socioeconomic gradients in health (11, 12) . A central problem is 106 the terminology as, even in research, the term 'stress' has been used to describe "the stimuli 107 that produce a certain state, the subjective feelings of discomfort in this state and the 108 responses that occur in an organisms in this state" (13). Or as Cohen and colleagues describe 109 it 'stress may have environmental, psychological and biological roles in the development of 110 ill-health ' (14) . To clearly indicate which meaning we are referring to in this paper the term
111
"stressor" refers to objective events or circumstances which are generally agreed to be 112 stressful (e.g., traumatic life events); "distress" refers to subjective feelings of discomfort;
113
and PSR refers to the physiological responses that occur within an organism that is exposed 114 to stressors. In this paper we are particularly focused on the PSR and whether it provides a 115 testable hypothesis to link psychosocial risk factors with the development of T2D.
116
The stress mechanism hypothesis 117 As with CVD, the original models for the development of T2D were largely behavioural and 118 posited that, in particular, poor diet and lack of physical activity were primarily responsible.
119
The development of CVD, however, has been shown to be independently associated with a 120 variety of stress-related factors including control, hostility and life events (e.g., (4, 15) (19, 20) .
140
The key is that the stressor exposure must be of sufficient magnitude or duration to 141 reprogram the HPA-axis.
142
With the current recognition that T2D is an inflammatory disease, the hypothesized insulin resistance, dyslipidemia, hypertension, and depression. They go on to develop T2D,
148
Metabolic Syndrome, and coronary artery disease (21). In humans prospective work has
149
shown that increased levels of inflammatory markers predicts the development of T2D ((23),
150
(24)) and even subclinical elevations have been shown to predict the development of T2D in 151 the ARIC cohort (23, 25) , particularly in the first 3 years (25).
152
Cross-sectional studies have shown that people with T2D, compared with those who do not 153 have T2D, have poorer mental health (26), are more likely to be depressed (27, 28) The initial database searchers produced 930 titles of which 39 papers (covering 32 cohorts) 187 were relevant. The major reasons for exclusion were duplicates, not a longitudinal design, or 188 because the papers were about following people who already had diabetes. With the 189 exception of research on depression, which had published systematic reviews,.
190
The papers were reviewed in detail and the following factors abstracted: cohort name, 
194
The stress-related factors were classified into four broad categories for this review: 1) 195 subjective and objective exposure to stressors, 2) mental health, 3) aggressive behaviour and 196 conflict, and 4) living at the bottom of the social status hierarchy.
198
Results
199
Length of follow-up varied from 1 to 60 years and the majority of the studies had very large 200 sample sizes (see Table 2 ). The majority of cohorts were developed for a purpose other than 201 predicting the development of T2D. When the information was available, depending upon the 202 data source, the analyses included the known clinical and behavioural risk factors in the final 203 statistical models (see Table 3 ). Most of the behavioural risk factors were included as control are often cited as a significant factor in precipitating health problems (e.g., (41)). Using the 213 terminology we described earlier, the literature examining the role of 'stress' in the 214 development of T2D is divided into 'distress' and 'stressors'.
215
Two longitudinal studies have examined the relationship between T2D and self-216 reported "mental stress" (distress) level. One, following only women, found no relationship 217 after controlling for general mental health (39), while the other found an association only in 218 males (42) . As people's ability to accurately describe their personal stress burden has been 219 questioned (43) some researchers prefer to rely on more objective measures such as 220 inventories of life events that are generally acknowledged as traumatic or life-altering.
221
Finnish researchers followed people who were child evacuees during World War II (44) 
Mental health and the development of T2D
264
We posit that severe, rather than minor, mental health problems are a chronic stressor and it is 265 well established that depression and T2D are co-morbid conditions with a bidirectional 266 relationship between them (53). Three systematic reviews (28, 54, 55) 1.29). It is because we think the mental health condition has to be severe enough to activate 270 the PSR that we re-examined the nature of the mental health measure within this literature.
271
It is interesting to note that while the quality of the T2D diagnosis was evaluated in one 272 of these reviews (28), the quality of the depression diagnosis was not. Examining the papers 273 cited in the reviews, and others published since then, we noted that the more clinically robust 274 the instrument used to classify the depression, the more likely the study was to find a 275 significant association between T2D and a previous diagnosis of depression (56, 57) or 276 depressive symptoms (37, 38, 40, 58 Interactions with socioeconomic status (SES) and gender were noted in these studies of 286 depression. Two studies found an interaction with education (56, 60) such that individuals 287 with low education and depression are at greater risk for the development of T2D than those 288 with more education and depression and those with neither risk factor. Again, gender 289 differences are seen with two studies also found an association of T2D with depression in 290 males but not in females (57, 61). 
311
In summary, there is sufficient evidence from prospective studies to conclude that 312 depression leads to T2D with only a small risk of the reverse (T2D increasing the risk for 313 depression) (58). In addition, our review suggests that mild mental health problems are less 314 likely to be associated with an increase in T2D risk than more severe mental health problems.
315
The relationship between positive mental health measures and T2D development needs more 
341
In summary, the hypothesis that these conditions and personality traits put people in The higher T2D prevalence in minority populations is usually attributed to a poorer 375 lifestyle (e.g., (33)) and lower SES. But some studies have reported greater risk for minorities 376 that have higher education and income (e.g., (82)) and there has been a call to focus more on 377 the stress-related risks of minorities rather than just on health behaviours (34).
378
The thrifty-gene hypothesis suggests that some ethnic groups with a history of famine 379 have developed a 'thrifty gene' that increases their risk of diabetes in a non-famine 380 environment. This hypothesised gene would allow them to fatten more quickly in times of 381 food abundance, but in modern society it prepares them for a food scarcity which no longer 382 occurs. This hypothesis continues to be invoked to explain high rates of T2D in minority 
393
In multivariate analysis only poor-quality parenting associated with neglect and early 394 childhood adversity was significantly associated with the development of T2D (85).
395
As has been seen in other sections, gender differences exist and it may be that there is 396 an interaction between birth and current SES that is more important in one gender than the 397 other. For example, the Alameda County Study found childhood SES was a risk factor for 398 adult T2D in women, but not men after adjusting for a wide array of behavioural risk factors 399 (86) , and the Nurses' Health Study found an increased risk of T2D only for women whose 400 father was "blue or lower white collar". 
459
That is (see figure 1) , 460 1. Stress-related factors influence PSR activation, which is highly correlated with 461 increased abdominal adiposity. This review indicate the relative lack of attention paid to the role that stress-related 467 factors may play in the development of T2D. We feel that a research model that integrates 468 the behavioural model with stress-related factors needs to become the standard. But rather 469 than considering any 'stress' as a risk factor we note that the review has also highlighted the 470 fact that exposure to negative stress-related factors need to sustained and intensive for an 471 effect to be seen. For example, mild distress was less likely to be identified as a risk factor 472 for T2D than major depressive disorder. The health and research communities need to 473 recognise that chronic stressor exposure (such as living in poverty) has a health impact that is 474 more than just people behaving badly. This is entirely consistent with the WHO priority area The incorporation of stress-related factors also needs to become a priority area of diabetes 478 research and support charities. Current policy around T2D interventions to try and reduce 
